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For example, in one molecular memory device structure, a molecular layer
15  (e.g., a Langmuir-Blodgett film) is sandwiched between a pair of electrically
conducting layers (e.g., a pair of metal layers, a metal layer and a doped
semiconductor layer, or a pair of doped semiconductor layers). The molecular
layer serves as a thin insulating film that may be used in a metal-insulator-metal
(MIM) structure, which may be configured as a tunnel junction device or a
20  switching device, or a metal-insulator-semiconductor (MIS) structure, which may
be configured as a logic and memory device.

U.S. Patent No. 6,128,214 describes another molecular memory device
structure that is configured as a molecular electrode crossbar memory (MWCM)
system formed from a two-dimensional array of nanometer-scale devices. Each

25 MWCM device is formed at the crossing point (or junction) of a pair of crossed
electrodes where at least one molecular connector species operates as a bi-stable
molecular switch between the pair of crossed electrodes. The resulting device
structure may be configured as a resistor, a diode or an asymmetric non-linear
resistor. The state of each MWCM device may be altered by applying a relatively

30  high state-changing voltage and may be sensed with a non-state-changing (or

non-destructive) voltage.
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15 scanning probe to write information to and read information from a molecular
memory element by direct electrical contact without substantial risk of damage to
either the scanning probe or the molecular recording medium. In this way, the
invention avoids the high emission currents, which may damage the probe
electrode or the recording media, or both, and avoids other difficulties often
20  associated molecular memory systems with non-contacting probe electrodes.

In one aspect, the invention features a molecular memory system that
includes a first electrode structure, a second electrode structure, and a recording
medium having a molecular recording layer disposed between the first electrode
structure and the second electrode structure. The second electrode structure has

25  a substantially planar protective surface exposed for contact with a probe tip and
comprises an array of spaced-apart electrodes separated by electrically insulating
material.

Embodiments in accordance with this aspect of the invention may include
one or more of the following features.

30 The molecular recording layer preferably comprises a switchable molecular
species (e.g., a rotaxane molecular species). The molecular recording layer

preferably has a memory property selectively holding first and second memory
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protective surface of the second electrode structure. A read/write controller
preferably is configured to control the application of voltage signals through the
scanning assembly probe tips and between the first electrode structure and the
20 electrodes of the second electrode structure. The read/write controller preferably
is configured to control application of a sensing voltage for determining a local
memory state of the molecular recording layer and to control the application of a
state-changing voltage for changing a local memory state of the molecular
recording layer.
25 In some embodiments, a lubricant is disposed over the exposed
substantially planar protective surface of the second electrode structure.
In another aspect, the invention features a method of making the above-
described molecular memory system.
In another aspect of the invention, a probe array is contacted against the
30 exposed substantially planar protective surface of the second electrode structure
of the above-described molecular memory system, and the contacting probe tip
array is scanned across the exposed substantially planar protective surface of the

second electrode structure.
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FIGS. 4A and 4B are, respectively, a diagrammatic bottom view and a
diagrammatic cross-sectional side view of a probe tip array of the scanning probe
15  tip assembly of FIG. 3.
FIG. 5 is a diagrammatic perspective view of the portion of the memory
device array of FIG. 2 with a lubricant layer disposed over an exposed

substantially planar surface.

DETAILED DESCRIPTION

20 In the following description, like reference numbers are used to identify
like elements. Furthermore, the drawings are intended to illustrate major features
of exemplary embodiments in a diagrammatic manner. The drawings are not
intended to depict every feature of actual embodiments nor relative dimensions of
the depicted elements, and are not drawn to scale.

25 Referring to FIG. 1, in one embodiment, a molecular memory device (or
molecular memory element) 10 includes two electrically conducting electrodes 12,
14 and a layer 16 of switchable molecules or molecular compounds that is
sandwiched between electrodes 12, 14. The particular molecule or molecules 18
‘that are located at the junction of electrodes 12, 14 act as switch molecules and

30 correspond to the active portion of molecular memory device 10. In operation,
the state of molecular memory device 10 may be changed by applying a relatively

high state-changing voltage across electrodes 12, 14. The magnitude of the state-



substantially planar surface. DETAILED DESCRI PTION 20 In the foll ow ng
description, like reference nunbers are used to identify |I|ike elenents.
Fur t her nowe,02tom®08lr awi ngs are intended to illustrate nmaj orCiramoeosssd of
exenpl ary enbodi ments in a diagranmatic nmanner. The draw ngs are not

hptnggg?gntsc%oﬁgﬁ)[gﬁéﬂ%ég iy %@%@ﬂ % 8{dd?zce; aﬁedﬁe@%heg HSlebbs gggﬁgm

enents are not rawn

Ref erring melethles 18, mh%rﬁﬂ@d@mmﬁmt of mdh&dudaanﬂp@ciemhmqoo@ewtem (or
nol ecul ar nmenory el enent) 10 includes two el ect rically conduc

el ect r odegalance Cb@l’&@nﬁm@ thay sthengpngs ofdiie mpplspHlar FRACES IS oxidize rgcul ar
conpounds Ireﬁﬂ&idgst esﬁﬂgwwﬂe%p Ql@f E(?‘é o;gialzei!lg1 I B Iﬁﬁ%' gyl ar

nmol ecul e or ocat uncti on el ectrodes
12, 14 sactommmﬁlemmmhmd:eﬂuﬁr spiedieS nayoe ssshmadi and theaswatmda npmedulan of

vt co 10 SRagIehLERIAGRRAIBYT HotoHPR k) Miaabs GRitch: SratRhe e kanlEs ng.
|
vol t age ac‘fﬁ%?f‘ug(ﬁg% sggﬁﬁs i‘xﬁag PefredhiB&d gﬁ@@h&‘dﬂ'@h@%leﬁﬁ@dg 24 era thayBe

02/ 078005 nging voltage is sufficient to oxidize or
reduce swidxidizaadl hmalthrrd]eﬁarrfﬁ\m tagie molecelan Ispeclaﬁrrmy;ba cmdlmé andragoxt pai r

f nol ecul h
o The uoiBe slnodes ol mev i tedned O 8 oM ExiBle ol it mdl BR 0"
speci eﬁ% 'So;a&‘ée&%ﬁd(a%ﬂdé Qés%)%ﬁa)ted mhomﬁroilhéxoélectmuesnﬁp%e%aﬂpé@ ene

nol ecul ar species may be reduced and the associ ated nolecul ar species (the
ot her hal feach dfhheseeﬁji@mmea, oK idadip N r@ﬂlumczredffeqtmt}mmmmhngM@ or one

oxi i zed. TR (G ERineL aparhrient BRurRl BREE et e R ent Il i one

of the elaﬂﬁernrngciﬁg rdtd, of EhafEytrBespoedata sk thereléctfoderjuhcexanrhe, el@d‘tﬁomc
el ectrode nmay be 10 oxidized and an oxi de associ at ed with the other

el ect rode fragtionality dewes as ithe bagig forafper Hing:mokeawTeBemexy daviced Ogs an
reductj_on fftectls t. @rtunnel ing distance or the tunneling barrier height
bet weell t HeCT b e odes, thereby exponentially altering the rate of
charge transporgle@esddssi 2t he eatle ehdyolle fgriiedt fr@m. anl Elestrigh By conduding

metal or a doped semiconductor material. Electrodes 12, 14 may be deposited
onto a substrate 20 by a conventional thin film deposition process, including a
physical film deposition process (e.g., magnetron sputtering or electron beam
20 deposition) or a qhemical film deposition process (e.g., chemical vapor
deposition).
Molecular layer 16 may be formed from a variety of different switchable
molecular species (e.g., one or more of the rotaxane molecules described in U.S.
Application Serial No. 09/282,048, filed on March 29, 1999, which is incorporated
25  herein by reference). Other molecular species (e.g., the molecular recording
medium compounds described in U.S. Patent No. 5,812,516, which is
incorporated herein by reference) also may be used. In some embodiments, the
selected molecular species may be dissolved in a solvent (e.g., tetrahydrofuran),
prepared as a Langmuir monolayer, and transferred as a Langmuir-Blodgett single
30 molecular monolayer film 16 over bottom electrode 12. In other embodiments, a
suitable molecular species may be deposited directly onto substrate 20.
Top electrode 14 is surrounded by insulating material 36, which may be

formed from any suitable electrically insulating material, including a metal or
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device may be singly configurable or reconfigurable. In singly configurable
embodiments, the initial state of molecular memory device 10 may be open or
closed. In reconfigurable embodiments, the switching device may be opened and
closed multiple times by cycling the polarity and the magnitude of the applied
20  voltage beyond appropriate threshold values that are selected to reversibly oxidize
and reduce the active material or molecules 18.

In general, the type of electrical connection formed between bottom
electrode 12 and top electrode 14 depends upon the materials from which
electrodes 12, 14 and molecular layer 16 are formed. Table 1 identifies the

25 various types of electrical switching functions that may be obtained from different

device material combinations.
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TABLE 1
5 As shown in FIG. 2, in one embodiment, a molecular memory 30 may be
formed from an array of memory elements each having the structure of molecular
memory device 10. In particular, molecular memory system 30 includes a first
electrode structure 32 that corresponds to electrode 12, which serves as a
common electrode for each of the memory elements. Molecular memory system
10 30 also includes a second electrode structure 34 that includes an array of spaced-
apart electrodes 14 separated by electrically insulating material 36 and has a
substantially planar protective surface 38 that is exposed for contact with a
scanning probe tip. A recording medium 40, which corresponds to molecular
layer 16, is disposed between first electrode structure 32 and second electrode
15  structure 34.
Referring to FIG. 3, in one embodiment, information may be written into
and read from molecular memory 30 with one or an array of probe tips 50 that are
supported by a scanning head 52. A read/write controller 54 controls the
application of voltage signals through probe tips 50 and between first electrode
20  structure 32 and the electrodes 14 of second electrode structure 34. As shown by

arrows 56, 58, scanning head 52 is mounted on a scanning assembly 59 that is

configured to precisely move scanning head 52 over the exposed substantially
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PCT/ U anar protective surtace second ‘el ectrode structure
34. In pardlémaﬂnarby amﬂmmlglatrgodsdhd rﬁ@nmzyelbmenm/ecblm‘mlymgh ytatgrclangingi s
scan actuaf ?tage thit 1s se1e>clted to change the local memory states of the memory
elements. Alternatively, read/write controller 54 may read information stored in
the corresponding memory elements by applying across the memory elements a
15 relatively low sensing voltage that is selected to provide information about the
electrical current conducting properties of the memory elements without changing
their memory states.
Scanning assembly 59 may be implemented as a conventional scanning
tunneling microscope (STM) scanning assembly, in which the positions of probe
20  tips 50 are controlled based upon tunneling current information. Alternatively,
scanning assembly 59 may be implemented as an atomic force microscope (AFM) .
scanning assembly, in which the positions of probe tips 50 are controlled based
upon a force (e.g., an atomic force, an electrostatic force, or a magnetic force)
that is generated between probe tips 50 and the exposed substantially planar
25  protective surface 38 of second electrode structure 34. Z-axis scan actuator 60
and x-y axis scan actuator 62 may be implemented as planar electrostatic
actuators (see, e.g., U.S. Patent Nos. 6,136,208 and 5,801,472, which are
incorporated herein by reference).
As shown in FIGS. 4A and 4B, scanning head 52 may support a regular
30 array of probe tips 50 with a probe tip spacing that preferably corresponds to 10-
10" times the spacing between memory elements 10 of molecular memory 30.
Probe tips 50 may be formed from a durable, resilient and electrically conductive

material, including a metallic material (e.g., platinum) or non-metallic material



be noved horizontally by an x-y axis scan actuator 62. Z-axis scan actuator
60 and x-y axis scan actuator 62 are carried by a support arme64. A

positi oniwgo3/oteni rol l er 66 controls the vertical and hor ipeontsat/ogsesi ti ons
of probe tips 50 over surface 38. In operation, positioning controller 66

may | ower qprob I i i : i f 38
Subsequent@gﬁ,c') ’ %aor[s)Pﬁfoﬁ?%ggg{rﬁO?o {E%tr' lpg(%& ﬁ]gé;ggggen(‘f‘étrhgnzféh{) acE |sth Splrlsoet()ie tips
50 hori zorigbiny tlxc tepss " 1sdnotalse B8ansAh hetlownartiole hawing apraphew dimppen&ionar e

posi tioned over respective numnbe f electrodes 14, 10 read/wite

control | er(d%nﬁtﬁa %@h%ltiln%%ﬂ@ﬁf%a f‘?ﬂ&)‘glt“?f‘élsl%’r egibhavher atio of| enent s
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el ementss. 1Al gemeredf theedspectr méid/ may be beomeemob laad 2800ney carbad narfodulmatsi on
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i nf or mat i of,BPGt5¢ Ry 1R &ﬂ{err!aclﬁhmzwam@@haﬁeﬁmécgmmﬂr PEEinghswalled he

menory el ements w thout changing their menory states.” Scanning assenbly 59
may be i npharotube BENT. OMENT tchides saveriahganetubag aciyhaviogasditipeent STM)

i mbly, i ich th it of b tips 50..
cont ol ediaRers v {hTer Ao BiRreh e BorRar et & Mies waister
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scanni ng assenbly, in which the positions of probe tips 50 are controlled
based upcHWAT, onctihe(asher hargh; includeconlyrang nanetebec MWW Lsttypicely @ee  or a

subst ant | PPk RaTerAs HEEBAThTE: EhyBEREE LRI, SWRES PETRE P et ur e
34. Z- axi spthePRambtypically G peodiic¥d s 2pés GICANNER! Waledé efich SRInd6f the
i npl emented as pl anar el ectrostatic actuators (see, e.g U. S. Patent Nos.

6, 136, 208 Iopd 152 SH{NF7 Thewirban asaotybeduepe tivs 59 May BegIoynrf &r ence) . As
shown jn FIGS. 4A and 4B nai nea p a_1 | ar 30 array
of probe tciolggeggo t%r%o%Pg‘E@UEFEQ%JS%@gHZ&P g(g%é (%%Z‘féeﬂreg%l ?/1 cag#)rr esponds to

10- 104 tideppsiti@)spaci ng between nenory el enents 10 of nol ecul ar nenory

30. Probe tips 50 may be fornmed froma durable, resilient and electrically
conducti ve As shown in FIG. 4B, a planar actuator 80 is positioned at the base of each

probe tip 50 and is configured to maintain each probe tip 50 in contact with
surface 38. The carbon nanotube probe tips 50 may have the same or different
20 lengths. During scanning, planar actuator 80 is configured to adjust the position
of each probe tip 50 to accommodate the respective probe tip lengths so as to
maintain contact between the probe tips 50 and surface 38.
Referring to FIG. 5, in one embodiment, a lubricant layer 70 may be
disposed over the exposed substantially planar protective surface 38 of second
25  electrode structure 34. Lubricant layer 70 may be formed from any suitable
electrically non-conducting solid or liquid material that reduces the interaction
energy between probe tips 50 and surface 38. For example, lubricant 70 may be a
graphite layer that is thermally evaporated over surface 38. Other material
compositions also may be used. By reducing the interaction energy between the
30 contacting probe tips S0 and surface 38, lubricant layer 70 reduces wear of and

the likelihood of damage to probe tips 50 and surface 38 during use.



material, including a metallic material (e.g., platinunm) or non-netallic
material 8 WO 02/ 078005 PCT/ US02/ 08863 (e.g., carbon). In one enbodi nent,
probe ti pyod/02a80es car bon nanotubes. As used herein, the temmusozesses ube"”
means a hollow article having a narrow di mension (dianeter) of about 1-200
nm and a | ong di j t wher rati S I ' sion to
the narrow di &@?g%hﬁ%q&&?&?ﬁgé%péggﬁ?g I oe)&iﬂslggglﬁnga??)@%gglp?éﬁqggner al ,

t he aspectabogbidesorilyedomobeiutanemoande0&@0man beainiplameateadt inkecirauine.  hol | ow
structure that is forpned fromcarbon ajons. In this enb ?inent, each probe
tip 50 maydesigneditaderiarongne oiEOrelPsif t%@s?mmemwg WRGHANS. wal | ed
nanot ube ( SVWT)gyi1 A, MUNT aving a different
di aneter. Thus,$¥ﬁ% sna?%@@bﬂ |aﬁ%?é&ﬁﬁﬁ6@§?§&§3§§B§SFQ¥EH by a | arger

di aneter 10 tube that, in turn, nmay be encapsul ated by another | arger

di ameter nanotube. A SWNT, on the other hand, includes only one nanotube.
MMANTs typically are produced either as single MANTs or as bundl es of

MANTs. SWNTs, on the other hand, typically are produced as ropes of SWNTs,
where each strand of the rope is a SWNT. The carbon nanot ube probe tips 50
may be grown by a 15 conventional carbon nanotube fabrication process
(e.g., chem cal vapor deposition). As shown in FIG 4B, a planar actuator
80 is positioned at the base of each probe tip 50 and is configured to

mai ntain each probe tip 50 in contact with surface 38. The carbon nanot ube
probe tips 50 may have the sane or different 20 | engths. During scanning,

pl anar actuator 80 is configured to adjust the position of each probe tip
50 to acconmpbdate the respective probe tip lengths so as to nmaintain
contact between the probe tips 50 and surface 38. Referring to FIG 5, in
one enbodi nent, a lubricant layer 70 may be di sposed over the exposed
substantially planar protective surface 38 of second 25 el ectrode
structure 34. Lubricant layer 70 may be forned from any suitable
electrically non-conducting solid or liquid material that reduces the
interaction energy between probe tips 50 and surface 38. For exanple,

| ubricant 70 may be a
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graphite layer that is thermally evaporated over surface 38. O her material
conpositions also may be used. By reducing the interaction energy between

t he 30 cowDaew7segs probe tips 50 and surface 38, | ubricant pPicayes02/0€863 educes
wear of and the likelihood of danage to probe tips 50 and surface 38
during use. 92/ 08863 O her enbodinents are within the
scope of the C?@%&Qg&@&@ "the above-descri bed nol ecul ar nenory
deV|ces may be j nple nted.in a cir to performone or nore

| ogi ¢ (las opposed t d* MABTYTE F’L?Hbqr?’cc%éstgm %ﬁﬁ{qgﬁ%er embodi nents are within
t he scqpe of trheflgltgler@&od@@tr\&&g& 078005 PCT/US02/ 08863 WHAT IS CLAI MED

IS: 1 1. A nolecular nenory system _conpri irst electrode

structdre; 3 a &COnd elecdecdalctire hayingea ﬁ‘éb/ﬁ%ﬁ@tl%ll}’sﬂlﬁgﬁhﬁfqt%ﬂq‘ﬁﬁ pl anar
t t t
B ray ot ' SplielehB6SoHP R HnceBIdlbhid cBoBiRRE i BraPDr SRR >l 18 2

materi al ; apagt dea@ré@sFeghngedrbdiclovticallyrigsdating maléml aadordl ng I ayer

di sposed between 7 the first electrode structure and the secqond el ectrode
struct@re. 1 2.2 Mmeerdipg &sdium hasiag ¢ raQIeCWlAT BRCOE ingraver dipRases hepwigen

nmol ecul,ar C ecul ar species. 1 3.
The m)l7ecng ﬁrr%eérir%érlw& gtﬁycﬁ%ﬁroefﬁ{q)me%%?ﬁvm%}gfg?ﬁ@? hgc%{e ‘ecular 2 recording
| ayer conprises a rotaxane nol ecul ar species. 1 4. The nol ecul ar nmenory
syst emiof clai m.1, Vifher miotectter rflénnsry syzsteah@ftctatmlel,svhel@imtlm mohguiaes net al
| ayer di sposegl E{X a substrate. 5@1 Th(ﬁ ml ecul ar menory systemof claim
1, wherei MeEHEIREe ﬁHC‘?mBPé%St?BWétC]%? ERUFELBOMTSes an array of
spaced-apart netal el ectrodes separated 3 by a netal oxide. 1 6. The

nol eculjar menory sy siMmeiecel & MeRoryet&hvf tc@mBtwherein the molecular

2 recording layer comprises a rotaxane molecular species.

1 4, The molecular memory system of claim 1, wherein the first

2 electrode structure comprises metal layer disposed over a substrate.

1 5. The molecular memory system of claim 1, wherein the second
2 electrode structure comprises an array of spaced-apart metal electrodes separated

3 by a metal oxide.

1 6. The molecular memory system of claim 5, wherein the metal

2 electrodes are formed from aluminum and the metal oxide is aluminum oxide.

1 7. The molecular memory system of claim 1, further comprising a
2 probe tip configured to contact the exposed substantially planar protective surface

3  of the second electrode structure.

1 8. The molecular memory system of claim 7, wherein the probe tip

2 comprises a carbon nanotube.

1 9. The molecular memory system of claim 1, further comprising a
2 scanning assembly comprising an array of probe tips, each configured to contact
3 the exposed substantially planar protective surface of the second electrode

4 structure.
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2 electrodes are forned fromalum numand the nmetal oxide is al um num
oxide. 1 7. The nol ecular nenory systemof claiml, further conprising a 2
probe ti pwoanforsgos ed to contact the exposed substanti al | ypolrarsaz/ogssdt ecti ve
surface 3 of the second electrode structure. 1 8. The nolecul ar nenory

system_of claim.;, wherein the .probe ti 2 _conprises c 0 otube. 1
9. The3nol C@&%G&Fh%ﬁm?%‘;ﬁé&'??@mlgﬁy P Fa&faﬁg) i?te?t&\ﬁng%r';acgo(&g} Pgl{lﬁeg&acggascanni ng
assenbly CosRFddR eLckired3apy of probe tips, each configured to contact 3

t he exposed substantially planar protective surface of the second el ectrode

4 structure. 11 WD 02/ 078005 PCT/ US02/ 08863 .contact the exposed
subst adti al |y pllanarThe molesuiaranempiaswstemaf chim fdusiden fRMPTiSiNgcaTt ode

Struct gre defihor foghdoubli® ke R o BE YipS Y8 LAPLoIrE T allist IR

conpri Sing coupleato t array o tips 550) and
conf i gur echdsiti@tbligie probe tips[{68) to maimaint domtqut dleeweérpsadtbPjobiedip€iOlt ai n
contact between each probe tip (50) 4 an the)( eg&osed sybftanti ally planar
surfacéd (38 he expesetedhriantallyiplapr sustace (38} ot de(sggynd glegrodghe hol ecul ar

Menory Sys im9, wherein the scanning 2 assenbly (59) is
confi gusr edﬁlnﬁ’{gugcea(%h?he probe tip array (50) across the exposed 3
substantially planar protective surface (38) of the second el ectrode
structure (34).11.1 IPhe Modeowdrenernary systemyof saimedn whersimtha scanning t her

i Si 2 Mite. [ 54 Nnf | t | th
Copl 1 o2t asanobofiods tarire 1€ s s ko I8 B eBES e Byrotoe ¢ ps
(50) and Q@fb‘é@a%ﬁall?%lliﬂarrfﬁro@kﬁﬁé Eﬁﬂé‘ce‘lﬁ?ggﬂﬁiéléé%oﬁa?elec@f&letdﬂﬁlcﬁl@%llpdes

(14) of the second el ectrode structure 1 13. The nol ecul ar nenory
system of claim 12, wherein the nolecular 2 recording |ayer (16) has a
nenor y lproper t yl%sel éthd melsculas|memgry pysiema¢lajpcbhdudhgefemprisingtaes wit h

di ff t -val.t terlsti i plLs t it
pet veer « HEueTTate (BT (R SelsRle Eld i ing Bl on S SRl dbnatt
st at e- ghan@ird\gh the scanning assembly probe tips (50) and between the first electrode

4 structure (32) and the electrodes (14) of the second electrode structure (34).

1 13.  The molecular memory system of claim 12, wherein the molecular

2 recording layer (16) has a memory property selectively holding first and second

3 memory states with different current-voltage characteristics and exhibits transition
4  between the first and second memory states upon application of a state-changing

5  voltage across the recording layer (16).

1 14.  The molecular memory system of claim 13, wherein the read/write
2 controller (54) is configured to control application of a sensing voltage for

3 determining a local memory state of the molecular recording layer (16) and to

4  control the application of a state-changing voltage for changing a local memory

5 state of the molecular recording layer (16).

1 15.  The molecular memory system of claim 1, further comprising a
2 lubricant (70) disposed over the exposed substantially planar protective surface

3 (38) of the second electrode structure (34).

1 16. A molecular memory method, comprising:

2 providing a first electrode structure (32);

12



5 voltage across the recording layer (16). 1 14. The nol ecul ar nenory
systemof claim 13, wherein the read/wite 2 controller (54) is configured
t o cont r owoappfdocati on of a sensing voltage for 3 determ rcmgsa2/bsseal
menory state of the nolecular recording |ayer (16) and to 4 control the

application of t - [ [ I 5
state gf t he m)qf115 c&ﬂ{zﬁ? Ofﬁgggéﬁﬁg@{%ﬁ@@%{ Ifl%igr%g%?g?qg%%d%c@%@?%@mry
syst emyof Ielvaiga noléculbhsicoedingldyer 196)a addd! ubri cant (70) di sposed over the
exposed substantially planar protective surface 3 (38) of the second

el ectr8de st r uctispasirgayer the I@ormn&dpé@aphﬁ%wyn ¢rbpdestiusturgi(3g) 2
provi di.ng i . ( : 2/ 08863
3 di sposi r%"g%? g?ﬁgetg‘ﬁlf‘gr@?&eaﬁééP%ﬁ%ﬁ’s?tﬁ?catcﬁ %%8)@%%%9?‘2‘2%55@#3% um ( 40)
4 havi ng grobé dpula) anécompirisihg ay emray d6ypacedehpardelsposdasg(14y eepdrhed
recordi ng rreéi um %@1}?) a. second el ﬁftrode structure (34) 6 having a
subst afft i &V §egrigaly insuiatig material f36ce (38) exposed for contact with a 7
probe tip (50) and conprising an array of spaced-apart el ectrodes (14)
separated 8 by el ecp\rr'hgﬁlchpérinqggéﬁtﬁl@gloﬂgt:gﬁ{pﬁlsh{g%). 1 17. A nol ecul ar
menory net hod, conprising: 2 providing a nolecular nenory system (30)
conpri g¢ing 3 @roviding eimedendaemstrarg tsystem( 39) compaissrgond el ect r ode

structure (34) having.an gxposed subst ially 5 planar protective surface
(38) ard conpri sing %WSQF_@&@O@? Str%_&élb%g@éi apart el ectrodes (14) separated
by elegtrically 7 insgtcahdRiciatestraktrd?34) RidnS an dxpessdiutstambiym (40)

having a nol ecul ar recording |ayer (16) 9 disposed between the first
el ectréde structure (32) phairipietective sedaeed(38) apdreogepritingien wey(F4) ; 11

contacting a probe array (20); 308t BRbubiS EAPLESS OS] Bldbhiflaly P! anar

7 : insulating material (36), and
8 a recording medium (40) having a molecular recording layer (16)
9 disposed between the first electrode structure (32) and the
10 second electrode structure (34);
11 contacting a probe array (50) against the exposed substantially planar

12 protective surface (38) of the second electrode structure (34); and
13 scanning the contacting probe tip array (50) across the exposed

14 substantially planar protective surface (38) of the second electrode structure (34).

1 18.  The molecular memory method of claim 17, wherein the probe tip

2 array (50) comprises an array of carbon nanotubes.

1 19.  The molecular memory method of claim 17, wherein the molecular
2 recording layer (16) has a memory property selectively holding first and second

3 memory states with different current-voltage characteristics and exhibits transition
4  between the first and second memory states upon application of a state-changing

5  voltage across the recording layer (16).

1 20.  The molecular memory method of claim 19, further comprising
2 applying across the molecular recording layer (16) a sensing voltage for

3  determining a local memory state of the molecular recording layer (16).
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12 protective surface (38) of the second el ectrode structure (34); and 13
scanni ng the contacting probe tip array (50) across the exposed 14

subst ant iwblog/opdoamar protective surface (38) of the seconecalsor/ossde
structure (34). 1 18. The nnlecular menory net hod of claim 17, wherein the

probe tip 2 ar ay ( n t 19. The
nol ecultlar ﬁ’oe)dm(??n@ aél T% @)ﬁgfaleq (2{ (fl% ﬁgi g@ﬂ?i C%josml rding
layer (216)aﬂp&san abRIEB e RIDERIATyreseldeng layet ¥1d)al stangchdngsig asidageefoond 3
menory states mnth di fferent current-voltage characterlstlcs and exhibits

transi 8i orfhangingtanesal memary stite ahtheswolsylaraaerrding kyes (MPon applicati on
of a state-changing 5 voltage across the recording |ayer (16). 1 20. The
nol ecul ar nmenory nmethod of claim 19, further conprising 2 applying across
t he nol ecul ar recording |layer (16) a sensing voltage for 3 determning a

| ocal menory state of the nolecular recording |ayer (16). 13 WD 02/078005
PCT/ US02/ 08863 1 21. The nol ecul ar nenory nethod of claim 19, further
conprising 2 applying across the nol ecular recording |ayer (16) a

stat e-changi ng voltage for 3 changing a |local nenory state of the

nol ecul ar recording | ayer (16). 14
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